Four feeding trials were conducted to determine .(1) how the organophosphate ronnel affects thyroid and adrenal circulating hormone levels and blood profile measurements of beef steers and (2) whether the effects of ronnel observed in beef steers could be produced in growing rats. In trial 1, four groups of eight steers each were given either no ronnel or 4 mg ronnel/kg body weight daily in diets fed at either limited (1.8% of body weight) or ad libitum intake. After 7 weeks, intake levels, but not ronnel treatments, were reversed during a 1-week transition period, and feeding was continued for another 7 weeks. In trial 2, four groups of six steers each were given 0, 44, 88 or 176 ppm ronnel premixed in diets fed ad libitum for 18 weeks. Actual ronnel intakes averaged 0, 1.01, 2.12 and 4.73 mg/kg body weight daily in trial 2. In trials 3 and 4, growth and intake were measured in 64 and 32 growing Sprague-Dawley rats, respectively, fed levels of ronnel ranging from 0 to 100 ppm in the diet. In trial 3, blood plasma was analyzed at various times for triiodothyronine (T3), thyroxine (T4), cholesterol and total lipid content. In trial 1, the concentration of plasma T4 was 1.31 times higher in steers fed ronnel than in control steers. In trial 2, plasma T4 was 1.30 times higher in steers fed 176 ppm ronnel, the level that improved growth, than in steers fed the lower ronnel levels. Circulating levels of T3, cortisol and aldosterone were similar for both control and ronnel-fed steers. Serum cholesterol concentrations were consistently higher in ronnel-fed steers. The data indicated that the growth-promoting effect of ronnel in steers Z Ruminant Nutrition Lab., Animal Science Institute, AR, SEA, Beltsville, MD 20705.
Introduction
The organophosphate ronnel has been shown to increase growth rate and feed efficiency in feedlot cattle (Rumsey et al., 1975; Riley and Ware, 1977; Wooden and Algeo, 1977; Thomas and Ware, 1978; Rumsey, 1979) , independently of its systemic insecticide and anthelmintic action. But there is no information on the physiological effects of ronnel in ruminants or in laboratory animals that explains the basis for this growth-promoting effect. Rumsey (1979) reported no effect on plasma amino acids, rumen microbial morphology or ruminal fermentation endproducts.
In other trials at Beltsville, however, Kahl et al. (1977) and Wrenn et al. (1980) found a positive relationship between plasma thyroxine (T4) levels and growth rate in calves, and Kahl et al. (1978) found greater plasma T4 levels in steers implanted with the estrogenic growth promotant Synovex-S than in control steers. There is no information on the effect of ronnel on endocrine function.
Purposes of this study were: (1) to determine whether the feeding of ronnel to feedlot steers affects thyroid and adrenal function, as indicated by circulating levels of triiodothyronine (T3), T4, cortisol and aldosterone; (2) to determine whether the feeding of ronnel causes shifts in blood profile measurements of feedlot steers, and (3) to determine whether ronnel, when fed to rats at levels similar to those for steers, causes the same physiological changes in rats as in steers.
Experimental Procedure
Trial I. Thirty-two Hereford steers averaging 217 310 kg were assigned to four treatments (eight steers per treatment), with body weight (BW) equalized across groups. The treatments were: (1) basal diet fed at 1.8% of BW daily; (2) basal fed at 1.8% BW plus 4 mg ronnel/kg BW daily; (3) basal fed ad libitum, and (4) basal fed ad libitum plus 4 mg ronnel/kg BW daily. The daily allotments of ronnel were adjusted weekly on the basis of BW. After an initial 2-week adjustment to the basal diet with no ronnel, the steers were fed their respective treatments for 7 weeks. Feed intake levels were then reversed during a 1-week transition period, and the steers were fed for 7 more weeks. Ronnel treatments were not reversed during the trial. Details of this trial and of the performance of the steers were described in a previous report (see trial 2, Rumsey, 1979) .
The basal diet was a mixture of the following ingredients, on an as-fed basis: timothy hay (IFN 1-04-896), 15%; alfalfa hay (IFN 1-00-079), 15%; cracked corn (IFN 4-02-861), 50%, soybean oil meal (IFN 5-04-604), 10%; molasses (IFN 4-04-696), 9%, and trace mineralized salt, 1%. Vitamin A was added at 2,990 IU/kg diet, and the hay was ground through a 10-mm screen before being mixed with other ingredients. Percentages of diet dry matter and crude protein in the dry matter were 93.7 and 14.3, respectively.
Steers were fed at approximately 0800 and 1600 hr daily, and blood samples were collected at the end of each 7-week period by jugular puncture at 1200 hours. Blood samples were immediately processed for analyses 3.4 of cortisol in fresh plasma, profile measurements in fresh serum and aldosterone in frozen serum. Cortisol and aldosterone analyses were by radioimmunoassay. Blood plasma was frozen until analyzed for T3 and T4 by radioimmunoassay as described by Kahl et al. (1978) .
A split-plot-in-time design was used for sta- tistical evaluation of the blood measurements (Steel and Torrie, 1960) . Analysis of variance was used to compare ronnel treatment, level of feed and feeding period as single degree of freedom main effects.
Trial 2. Twenty-four Hereford steers averaging 355 kg were housed in individual pens and offered the same basal diet as the steers in trial 1. All steers were adjusted for 2 weeks to the basal diet fed at 1.8% of BW daily. The steers were then assigned to four treatments (six steers per treatment), with average BW equalized across groups, and fed ad libitum for 18 weeks. The dietary treatments were (1) basal (control) and (2,3,4) basal plus 44, 88 or 176 g ronnel/1,000 kg (ppm) feed. Ronnel was added to the basal diet in the form of an experimental premix s with a stated analysis of 14% ronnel. Ronnel is not approved as a feed additive for growth promotion. Laboratory analysis of the premix and the supplemented diets (14 samples) by gas liquid chromatography indicated a ronnel concentration of 14.5% in the premix.
Steers were weighed on 2 consecutive days at the beginning and at the end of the feeding trial and weekly during the trial at approximately 1300 hours. Water was available continuously. The steers were fed at 0800 and 1600 hr each day, and the amounts of feed offered and refused were recorded daily.
Blood samples were collected at 4, 8, 12 and 16 weeks and processed as in trial 1 for the determination of T3, T4 and profile measurement concentrations.
Performance data were evaluated statistically by analysis of variance with three degrees of freedom for ronnel level. Treatment means were compared by the following orthogonal contrasts: control versus 44, 88 and 176 ppm ronnel; 44 versus 88 and 176 ppm ronnel, and 88 versus 176 ppm ronnel. Blood data were evaluated statistically by analysis of variance as a split-plot-in-time design, with both ronnel level (three degrees of freedom) and time (three degrees of freedom) as main effects.
Trial 3. Sixty-four 4-week-old SpragueDawley male rats 6, averaging 49 g, were housed individually and placed on a schedule of 12 hr light: 12 hr darkness. The rats were assigned to 16 groups, with BW equalized across groups, and fed ad libitum a ground laboratory chow diet 7 containing 0, 5, 25 or 50 mg ronnel/kg diet. The rats were bled after 0, 4, 8 or 12 weeks on treatment (four rats per ronnel level-sample time combination). Within each ronnel treatment, the 0-week blood samples were composited because of limited sample volume and, therefore, were not used in subsequent statistical analyses. BW and feed consumption were measured weekly for 12 weeks. At 4, 8 and 12 weeks, four rats from each group assigned to be bled were exposed briefly to ether and slaughtered by exsanguination, and organ weights, plasma Ta, T4, cholesterol and lipids were measured. Plasma Ta and T4 were measured as in trials 1 and 2. Plasma cholesterol was determined by the colorimetric procedure of Pearson et aL (1953) after extraction by the method of Sobel and Mayer (1945) . Plasma total lipids were determined as described by Postma and Stroes (1968) .
Weight gain and feed intake data at the end of each time period were statistically evaluated by analysis of variance with three degrees of freedom for ronnel level. Blood and organ weight data were evaluated as a factorial, with ronnel level and number of weeks fed ronnel (4, 8 and 12) as main effects with three and two degrees of freedom, respectively.
Trial 4. Thirty-two 5-week-old castrate Sprague-Dawley rats 6, averaging 82 g, were housed individually and placed on a schedule of 12 hr light:12 hr darkness. The rats were assigned to four groups, with BW equalized across groups, and fed ad libitum a ground laboratory chow diet (trial 3) containing O, 25, 50 or 100 mg ronnel/kg diet. BW and feed consumption were measured weekly for 8 weeks. The data, averaged over 8 weeks, were statistically evaluated by analysis of variance with three degrees of freedom for ronnel.
Results and Discussion
Steer Trials (Performance). Feedlot performance of steers in trial 1 has been described previously (Rumsey, 1979) . When feed intake was limited to 1.8% of BW, steers fed ronnel gained 13.0% faster than control steers, and when feed was offered ad libitum, steers fed ronnel gained 11.8% faster. Feed to gain ratios were improved by 7 and 18%, respectively. The improved performance of steers fed ronnel in trial 1 was not significant, but was consistent with results of previous trials conducted at Beltsville (Rumsey et al., 1975; Rumsey, 1979) .
Feedlot performance of steers in trial 2 is summarized in table 1. Initial weight, daily feed intake and feed to gain ratio did not differ (P>.05) among ronnel levels. Gain per day, however, did differ (P<.O1) among ronnel levels. Gain was not a linear function of ronnel level, but the orthogonal contrasts indicated that steers fed 176 ppm ronnel gained faster (P<.05) than steers fed other levels. This difference was partly a result of a slightly greater intake by steers fed 176 ppm ronnel; however, there was a trend toward an improved feed to gain ratio for these steers. Feed to gain ratio was approximately 11% lower for steers fed 176 ppm ronnel than for control steers. This compares with average improvements of 12.5% in trial 1 of this study, 12.3% in trial 1 of the study by Rumsey (1979) and 7% in the study by Rumsey et al, (1975) .
Unlike in previous trials conducted at Beltsville, in which pure ronnel was top-dressed and mixed with the diet in the bunk at the morning feeding, a previously formulated premix con- raining ronnel was added to the diet at the mill during trial 2 of the current study. Results of titration studies with this premix (Riley and Ware, 1977; Wooden and Algeo, 1977; Thomas and Ware, 1978) suggested that a feeding level of approximately 88 ppm ronnel in the diet or a daily dose of approximately 2 mg/kg BW elicits maximum growth response. Average daily intakes of ronnel during trial 2 of the current study were 0, 1.01, 2.12 and 4.73 mg/kg BW at the 0, 44, 88 and 176 ppm levels, respectively. Thus, results of this trial were consistent with those of previous Beltsville trials in that a daily intake of ronnel close to 4 mg/kg BW appeared to improve feedlot performance.
Steer Trials (Thyroid and Adrenal Function) . Circulating concentrations of thyroid and adrenal hormones were used as indicators of the effect of ronnel on the function of these glands. Results of hormone analyses from trials 1 and 2 are summarized in table 2. Ronnel increased (P<.01) T4 but did not affect (P>.05) the concentrations ofTa, cortisol or aldosterone in trial 1. The average concentration of T4 was 1.32 times greater in steers given ronnel under limited feeding conditions than in steers not given ronnel, and 1.30 times greater in steers given ronnel and fed ad libiturn. The concentration of cortisol was increased (P<.05) by approximately 22% by ad libitum feeding as compared to limit feeding, and the concentration of cortisol differed (P<.01) between periods (2.0 gtg/100 ml in period 1 and 4.1 gtg/100 ml in period 2).
Because of the similar concentrations of cortisol and aldosterone in control and ronnelfed steers in trial 1, these hormones were not measured in trial 2. In trail 2, Ta concentrations were affected (P<.05) by ronnel level, and the orthogonal contrasts suggested that average T 3 concentration was lower in steers fed 176 ppm ronnel than in control steers or steers fed 44 or 88 ppm ronnel. There was a similar but nonsignificant trend for T3 in trial 1. In trail 1, average T3 concentration of steers fed ronnel was .94 of that in control steers on a limited intake and .90 of that in controls on ad libitum intake; and for steers fed 176 ppm ronnel in trial 2, average T3 concentration was .93 of the concentration in control steers.
Concentration of T4 was also affected (P<.01) by ronnel level in trial 2. Orthogonal contrasts suggested that steers fed 176 ppm ronnel had higher concentrations than steers fed 0, 44 or 88 ppm. Average T4 concentration was 1.30 times greater in steers fed 176 ppm than in control steers, a difference similar in magnitude to that observed in trial 1.
There were no level of ronnel x time interaction for T3 and T4 concentrations in trial 2; however, both T3 and T4 were affected (P<.01) by time. T3 concentrations were 2.9, 2.9, 2.8 and 3.3 ng/ml at weeks 4, 8, 12 and 16, respectively; corresponding T4 concentrations were 15.9, 13.7, 13.7, and 14.5 gtg/100 ml.
Although not conclusive, these data suggest that ronnel may influence growth through an effect on the thyroid complex. Cantarow and Schepartz (1962) suggested that, in physiological doses, T4 favors protein anabolism. Whether ronnel acts directly to cause an increase in circulating concentrations of T4, which in turn improves growth in cattle, or whether increased Ta is merely an associated change accompanying increased growth, is not clear at this time, and no other reports in the literature deal with endocrine balance in ronnel-fed cattle. However, together with other research at Beltsville, (Kahl et al., 1977 (Kahl et al., , 1978 Wrenn et al., 1980) , this study represents the fourth experimental situation in which the relationship between growth and circulating T4 concentrations in ruminants has been positive.
Steer Trials (Blood Profile). There were no interactions between ronnel and time; therefore, data are summarized on the basis of main effects. Blood profile measurements that were consistently affected by level of intake and by ronnel are shown in table 3. Concentration of cholesterol was higher (P<.05) in steers fed ronnel than in control steers. Concentration of P was lower (P<.01) and concentrations of cholesterol (P<.01) and blood urea N (BUN; P<.05) were higher in steers fed ad libitum than in those on a limited feed intake in trial 1. Cholesterol concentrations differed (P<.01) among ronnel levels in trial 2. Orthogonal contrasts suggested that cholesterol was increased by ronnel, particularly at the 176 ppm level. The P and BUN data are presented for trial 2, but these blood constituents were not affected by level of ronnel.
Blood profile measurements that changed consistently with time are shown in table 4. Concentrations of K and of triglycerides tended to decrease with time, and concentrations of chloride, BUN, BUN/creatinine, cholesterol, serum glutamic pyruvic transaminase and lactate dehydrogenase tended to increase with time. aCholesterol concentrations higher (P<.05) in ronnel-fed steers than in control steers.
bcholesterol and P concentrations differ (P<.01) between ad libitura and limit-fed steers.
CBUN concentrations higher (P<.05) in ad libitum fed steers.
dstandard error of mean from ANOV.
eRonnel effect (P<.01).
fRonnel level contrasts were 0 versus 44-176 ppm, 44 versus 88-176 ppm and 88 ~ersus 176 ppm.
Rat Trials. Growth rate, feed intake and feed conversion data for the rats in trials 3 and 4 are summarized in table 5. Ronnel did not influence (P>.10) these measurements in either intact males (trial 3) or castrate males (trial 4), nor did it affect testes, epididymal fat pad or liver weights of slaughtered rats (trial 3). Castrate males were used in trial 4 to correspond more closely to the steers used in previous trials. In previous steer trials at Beltsville and in the current steer trials, growth and feed conversion responses were positive when ronnel was fed at approximately 4 mg/kg BW dally (Rumsey et al., 1975; Rummy, 1979) . Other cattle trials have indicated maximum positive response at approximately 2 mg/kg BW (Riley and Ware, 1977; Wooden and Algeo, 1977; Thomas and Ware, 1978) . In the present rat trials, average daily intakes of ronnel were .55, 2.71 and 5.39 mg/kg BW for rats given the 5, 25 and 50 mg/kg diet treatments, respectively, in trial 3, and 2.22, 4.35 and 8.73 mg/kg BW for those given the 25, 50 and 100 mg/kg diet treatments in trial 4. Data for plasma T3, T4, cholesterol and total lipids (trial 3) are summarized in table 6. No differences (P<.10) due to treatment were found when data collected after the start of ronnel feeding were compared. In contrast, a comparison of the postfeeding means with those for the prefeeding composites suggests a possible effect of ronnel feeding, particularly on T3, T4 and cholesterol concentrations. If the initial composite samples from the four young rats sampled in each ronnel group were truly representative of their respective groups, then the data, when corrected to an equal initial concentration, suggest that circulating concentrations of T4 for the 5, 25 and 50 mg/kg treatment groups were .9, 1.4 and 1.5 times the concentrations in the control rats, respectively, and that for cholesterol, these multiples were 1.4, 1.4 and 1.9. These results are comparable with steer data from trials 1 and 2, and, in the absence of a rat growth response, they suggest that the T4 and cholesterol changes are not directly involved in the normal growthpromoting effect. However, we do not know whether the initial composite samples were truly representative of the randomly allotted treatment groups.
The absence of an effect of ronnel upon growth in rats is consistent with results of previous toxicology research. McCollister et al. (1959) studied the toxicological effects of ronnel in a variety of species, including rats, in short-term studies and in a 2-year study at dosages of .5, 115, 5, 15 and 50 mg/kg BW daily. Growth curves and feed conversion records for ronnel-fed rats were not different from those for control rats.
At present, the reason for the difference between the bovine and the rat in growth response to ronnel is not understood 9 Plapp and Casida (1958) found a similar metabolic pathway for ronnel in cows and rats, but detoxification and excretion appeared to be much slower in the cow than in the rat. The possibility that this difference in metabolic rate could be responsible for the stimulatory effect of ronnel on growth in steers is speculation.
In conclusion, this study showed that the improved performance of beef steers fed ronnel was associated with approximately 1.3 times greater circulating concentrations of T4, suggesting that ronnel affects thyroid function in steers. In addition, it appears that ronnel increases plasma cholesterol in steers. The effects of ronnel seen in beef steers were not clearly duplicated in rats at similar levels of ronnel intake, demonstrating a species difference.
